Objective. To examine whether regional practice patterns impact racial/ethnic differences in intensity of end-of-life care for cancer decedents. Data Sources. The linked Surveillance, Epidemiology, and End Results (SEER)-Medicare database. Study Design. We classified hospital referral regions (HRRs) based on mean 6-month end-of-life care expenditures, which represented regional practice patterns. Using hierarchical generalized linear models, we examined racial/ethnic differences in the intensity of end-of-life care across levels of HRR expenditures. Principal Findings. There was greater variation in intensity of end-of-life care among Hispanics, Asians, and whites in high-expenditure HRRs than in low-expenditure HRRs.
background and individual preferences. In high-expenditure areas where aggressive care is relatively more common and hospice use less common, diversity in patient preferences may result in greater variation in hospice use and aggressive care.
METHODS

Data and Study Design
We identified cancer decedents from the SEER-Medicare database. The utilization of health services and the corresponding expenditures were derived from Medicare claims. Because of no involvement of human subject, the University Human Investigation Committee determined this study exempt from review.
Patients
The sample contained Medicare fee-for-service beneficiaries with breast, prostate, lung, colorectal, pancreas, liver, kidney, melanoma, or hematological cancer diagnosed between 2004 and 2011 and who died within 3 years of diagnosis as a result of cancer before 2012. We limited our sample to beneficiaries aged 66.5-94.9 years at death who were continuously enrolled in Medicare Parts A and B during the last 18 months of life. Patients were excluded if their cancer diagnosis was based solely on death certificates or autopsy, they could not be assigned to a hospital referral region (HRR), they lived <6 months after cancer diagnosis, or if their race/ethnicity was not categorized as non-Hispanic white (hereafter, "white"), African American (hereafter, "black"), Hispanic, or Asian. The stepwise ascertainment of our cohort is listed in Table S1 .
Estimation of Medicare Spending
We used Medicare claims of cancer decedents for medical equipment and inpatient, outpatient, physician, home health, and hospice services during the last 6 months before death to estimate end-of-life care expenditures. Expenditures were adjusted for price inflation and expressed in 2011 U.S. dollars (CMS 2013) . We assigned beneficiaries to HRRs based on their personal zip codes and calculated the mean of adjusted 6-month end-of-life expenditures for each HRR. We excluded HRRs with fewer than 20 decedents from the models and winsorized data by truncating the end-of-life expenditures in our sample at the upper 97th percentile ( Jha et al. 2009; Adams et al. 2010) . HRRs were classified into low (quartile 1), intermediate (quartiles 2 and 3), or high (quartile 4) expenditures (Nicholas et al. 2011 ). We did not use the Dartmouth Atlas end-of-life spending index, which sampled all decedents (Dartmouth Institute 2016) because we focused on cancer decedents. Physicians in different specialties within an HRR were not equally aggressive in treating Medicare patients (Newhouse and Garber 2013) .
Measurement
Outcomes. For each decedent, we assessed health care expenditures in the last month of life, hospice use within the last 6 months, and any aggressive end-oflife care. We defined any aggressive end-of-life care as the occurrence of at least one of the following: (1) ≥1 intensive care unit (ICU) admission within 30 days of death; (2) >1 hospitalization within 30 days of death; (3) >1 emergency department (ED) visit within 30 days of death; and (4) in-hospital death (Earle et al. 2003) .
Key Independent Variables. In addition to level of HHR expenditures, individual-level race/ethnicity, that is, white, Hispanic, black, and Asian, was included (Bach et al. 2002) .
Other Control Variables. We included as covariates patient age, gender, year of death, marital status, SEER registry, Medicaid enrollment, and metropolitan status of residence (Bach et al. 2002) . We controlled for Elixhauser comorbidity conditions (Elixhauser et al. 1998 ) and a measure of disability status (Davidoff et al. 2013) . Tumor characteristics included tumor site, advanced stage of cancer, multiple-cancer diagnoses, and duration between cancer diagnosis and death. Ecological variables included median household income and percentage of adults with high school education or less, derived from merged census data.
Statistical Analysis
The unit of analysis was individual patient. We examined the bivariate associations between race/ethnicity and other patient and tumor characteristics. We assessed associations between HHR expenditures and sociodemographic and clinical variables with t-tests for continuous variables and chi-square tests for In multivariable analyses, we constructed two-level hierarchical generalized linear models (HGLMs) with a logit link function and binary distribution, clustering patients by HRR. We included an interaction term between racial/ ethnic group and HHR expenditure level to determine whether racial/ethnic differences varied by HHR expenditure level. We estimated the adjusted odds ratios (AORs) between minorities and whites for each HHR expenditure level. A two-tailed p < .05 was used to define statistical significance. All statistical analyses were completed using SAS version 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
Our sample included 102,759 beneficiaries. Compared with white patients, Hispanic and black patients were younger. Racial minority patients were significantly more likely to reside in metropolitan areas and HRRs with high end-of-life expenditures and to have multiple comorbidities and evidence of impaired functional status than white patients than white patients (Table 1) .
The utilization of end-of-life care differed across racial/ethnic groups ( Figure 1 ). Hospice use was highest among white patients (70.2 percent), next most common in Hispanic (64.9 percent) and black patients (62.2 percent), and lowest in Asian patients (53.5 percent). Racial minorities were significantly more likely than whites to receive aggressive end-of-life care.
Mean end-of-life care expenditures for cancer decedents in our sample increased in parallel to the levels of overall Medicare end-of-life expenditures for their HRRs (Table 2 ). Hospice use was inversely associated and aggressive care was positively associated with level of overall HRR expenditures. Racial minorities were more likely to reside in HHRs with higher levels of expenditures.
End-of-life care expenditures for cancer decedents differed significantly across racial/ethnic groups, ranging from $10,800 for whites to $15,400 for Asians (Figure 2 ). The patterns of racial differences also varied by level of HHR expenditures. In low-expenditure areas, blacks had significantly higher end-of-life care expenditures than whites and Hispanics while no significant difference among whites, Hispanics and Asians were found. In contrast, in high-expenditure areas, Asians had the highest expenditures, followed by Hispanics and blacks, and whites had the lowest expenditures. The unadjusted analyses of intensity of end-of-life care showed similar results (Figure 2) . In low-expenditure areas, blacks were significantly less likely to use hospice services than whites and Hispanics; they were significantly more likely to receive aggressive end-of-life care than whites, Hispanics, and Asians. Notably, Hispanics were less likely than whites to receive aggressive care (p = .03). However, in high-expenditure areas, hospice use was highest in white patients and lowest in Asian patients. Whites were significantly less likely to receive aggressive end-of-life care than Hispanics, Asians, and blacks. The patterns of racial differences in individual aggressive end-oflife care measured across the three expenditure areas were similar to the patterns of any aggressive end-of-life care (see Figure S1 ).
Consistent with the results from the unadjusted analyses, the interaction between race/ethnicity and level of HHR expenditures was significantly associated with hospice use and intensity of end-of-life care in multivariable analyses (Table 3) . In low-expenditure areas, compared with whites and Hispanics, black patients were significantly less likely to use hospice and more likely to receive aggressive end-of-life care. There was no significant difference between white and Hispanics or Asians. In high-expenditure areas, racial differences in hospice use were significant larger than in low-expenditure areas. White patients used hospice the most, followed by Hispanic patients and then black patients, with Asian patients using hospice the least. In high-expenditure areas, Asian and black patients were most likely to receive aggressive end-oflife care and white patients were least likely. Sensitivity analyses in which HRRs were classified according to the last 1-month end-of-life care expenditures showed qualitatively similar results (see Table S3 ). 
Notes:
Low-, intermediate-, and high-expenditure areas were classified based on the mean of adjusted 6-month end-of-life expenditures for each HRR.
Based on quartiles of expenditures, quartile 1 HRRs were classified as low-expenditure areas, quartiles 2 and 3 HRRs as intermediate-expenditure areas, and quartile 4 HRRs as high-expenditure areas. Adjusted hospice use (any aggressive use) was estimated using two-level hierarchical generalized linear models (HGLMs) with a logit link function and binary distribution. The model included interaction terms between racial/ethnic groups and three expenditure areas, as well as patient sociodemographic factors (i.e., patient age, gender, year of death, marital status, SEER registry, metropolitan status of residence, income and education) and disease factors (i.e., comorbidity, disability status, multiple-cancer diagnoses, cancer duration, and tumor site). The measure of any aggressive care was defined as the occurrence of at least one of aggressive end-of-life care: (1) ≥1
intensive care unit (ICU) admission within 30 days of death; (2) >1 hospitalization within 30 days of death; (3) >1 emergency department (ED) visit within 30 days of death; and (4) in-hospital death. Results of each aggressive end-of-life care are shown in Table S2 . The bold values represent a significant difference between racial minorities and non-Hispanic white patients in the same expenditure areas. *Statistically higher than African Americans in the same expenditure areas. † Significantly lower than African Americans in the same expenditure areas.
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DISCUSSION
We found that racial differences in intensity of end-of-life care for Medicare fee-for-service cancer decedents varied across areas with differing levels of mean end-of-life care expenditures. Specifically, Hispanic and Asian patients had end-of-life care patterns that were similar to white patients in low-expenditure areas but received more aggressive end-of-life care than whites in highexpenditure areas. Black patients were more likely than white patients to receive aggressive end-of-life care in all expenditure areas. Our research provides several policy implications: First, approximately 25 percent of total Medicare annual spending is allocated to 5 percent of Medicare enrollees in their last year of life (Riley and Lubitz 2010) . High health care expenditures are associated with aggressive end-of-life care, which is not consistent with patient preferences (Steinhauser et al. 2000; Barnato et al. 2007; Wright et al. 2008; O'Hare et al. 2010) . We found that regional end-of-life care expenditures may play an important role in racial differences in hospice use and aggressive end-of-life care, suggesting that reducing regional end-oflife expenditures might decrease racial differences in health care utilization.
Second, system-level factors may decrease racial differences in the intensity of end-of-life care. The level of mean regional expenditures is highly correlated with physician propensity for coordinating intensive care (Sirovich et al. 2005 (Sirovich et al. , 2008 . Low-expenditures regions may have adopted system-level solutions to affect regional practice patterns, including care coordination, and changes in reimbursement structures. An integrated palliative care model and reduced fragmentation of care may decrease aggressive end-of-life care (Lawson et al. 2009; Frandsen et al. 2015) . Government and health care administrators in high-expenditure areas could adopt the approaches in the low-expenditure areas to cultivate regional practice norms promoting hospice services.
Physicians often conform to their fellow physicians and hospital managers as they seek social approval from professional colleagues (Westert and Groenewegen 1999; de Jong et al. 2006) . Physicians modify their practice styles to align with local practice patterns when they relocate to more or less aggressive care expenditure regions (Molitor 2018) . When practicing in areas where hospice use is common, physicians may be more likely to persuade patients to receive less aggressive care. Such practice patterns might mitigate racial/ethnic differences in end-of-life care and reduce expenditures of the end-of-life care. Minority patients are disproportionately more likely to have misconceptions or little knowledge about hospice care (Kreling et al. 2010 ).
Conversations among physicians, patients, and patients' families critically affect the utilization of hospice care and end-of-life care decisions (Nielsen et al. 2010; Nedjat-Haiem et al. 2013) . Physicians could receive communication skills training to efficiently deliver information about treatment plans to patients of diverse racial/ethnic groups. These systemic changes could help minority patients accept hospice care and avoid aggressive end-of-life care.
Although our study suggests some variation in intensity of end-of-life care among whites, Hispanics, and Asians across levels of regional expenditures, black patients had consistently higher intensity of end-of-life care in all areas. Blacks may prefer life-sustaining treatments for religious and spiritual reasons (Kypriotakis et al. 2014) . Mistrust of the health care system by blacks also may add a barrier to hospice care (O'Mahony et al. 2008) . We speculate that religiosity and mistrust may operate differently for blacks than for other minority groups. Future studies are warranted to examine whether coordinated system-level interventions reduce the intensity of end-of-life care in black patients.
Our study has several limitations. First, we assumed patients with the same race/ethnicity had the same preferences for end-of-life care and we attributed differences in end-of-life care to regional practice patterns. Our study lacked direct measurement of patient preferences and system factors, such as care quality and caregiver availability. Further studies based on patient interviews or surveys are needed to identify whether patient preferences vary among the expenditure areas. Second, our sample population was limited to Medicare decedents who continuously enrolled in fee-for-service programs and died from one of nine types of cancer. Our results therefore may not be generalizable to other patients; for example, younger patients or patients with other types of cancer. Third, we used a retrospective approach to study racial differences in intensity of end-of-life care. Care received by confirmed decedents may not be comparable with care received by individuals who are predicted by care providers to be at the end of life (Bach, Schrag, and Begg 2004) . In a prospective study of patients with a high probability of dying, blacks had consistently lower observed-to-expected ratios of intensity of end-of-life care than whites (Barnato et al. 2018) . Finally, the race/ethnicity data in SEER have not been externally validated. There were relatively few Asian patients in each HRR category, which reduced statistical power for comparisons involving them.
In conclusion, racial/ethnic differences in the intensity of end-of-life care and expenditures varied by regional level of expenditures. Regional practice patterns may influence racial difference in end-of-life care, especially among Asian, Hispanic, and white cancer decedents. Additionally, there were persistent differences between blacks and whites in end-of-life care across levels of regional expenditures. Incentives or informational programs to promote less aggressive care may be particularly helpful in attenuating racial/ethnic differences and improving the quality of end-of-life care. Efforts to understand patient preferences and promote regional practice norms of patient-centered care are also imperative. 
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